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1. 

This invention relates to a method and ap 
paratus for purifying a gaseous mixture by cool 
ing the mixture to condense its low volatile in 
purities and, more particularly, to Such a. 
method and apparatus in which the incoming 
mixture is cooled by outgoing cold purified mix 
ture and by a cold liquefied gas. 

It is among the objects of this invention to 
provide a method and apparatus of the type 
above referred to, in which the purifying oper's 
ation can be carried on continuously without 
shutting down the apparatus for defrosting in 
purities condensed therein, in which Substan 
tially all of the impurities contained in the mix 
ture will be removed at all times, and in Which 
there will be a minimum number of valves oper 
atting under low temperature conditions that 
might subject them to plugging by condensed 
impurities. 

In accordance with this invention, the purify 
ing apparatus comprises a pair of interchange 
able purifiers. Each purifier includes a heat ex 
changer having a passage for the incoming 
gaseous mixture that is to be purified and a 
separate passage for countercurrent flow of out- : 
going cold purified mixture. Each purifier also 
includes a cooler having a passage for receiving 
incoming mixture cooled in the exchanger and 
for returning, it as outgoing cold purified mix 
ture to the same exchanger. A Second paSSage 
is provided in the cooler for a cold liquefied gas. 
In operation, the incoming mixture admitted to 
the exchanger is there initially cooled and most 
of its impurities are condensed in one of the 
exchanger passages by heat exchange with out 
going cold purified mixture in the other ex 
changer passage; this initially cooled mixture is 
further cooled and purified by heat exchange 
with the cold liquefied gas in the cooler, Where 
by residual impurities in the mixture will be 
condensed in the mixture passage of the cooler; 
and the resulting cold purified mixture is re 
turned to the outgoing mixture passage of the 
exchanger. Walve means are provided for 
switching the incoming mixture and the cold 
liquefied gas from one purifier to the other when 
the incoming mixture passages in the first puri 
fier become obstructed by impurities deposited 
therein. Additional valve. means are provided 
for directing a portion of the outgoing Warm 
purified mixture leaving the unobstructed puri 
fier, after the above switching operation has 
been effected, to the normal exit of the out 
going mixture passage in the obstructed purifier, 
whereby said portion will flow through the lat 

O 

5 

35. 

40 

2 
ter purifier in a direction reverse to the normal 
flow of mixture therethrough, i. e., said warm 
portion will pass successively through said out 
going mixture passage in the exchanger, then 
through the incoming mixture passage in the 
cooler, and finally through the incoming mix 
ture passage in the exchanger and, in so doing, 
will sublime and remove the impurities previ 
ously deposited in the incoming mixture pas 
Sages of the obstructed purifier. 
The invention is diagrammatically illustrated 

in the accompanying drawings, in which Fig. 1 
shows the preferred form of the invention and 
Fig. 2 a modification thereof. The invention 
Will be described as part of an air liquefaction 
plant, for which it is particularly suited, where 
the gaseous mixture to be purified is atmospheric 
air; but it is to be understood that the invention 
is equally applicable to the purification of other 
gaSeous mixtures. 

Referring to Fig. 1, the purifying apparatus 
includes two interchangeable purifiers A and B, 
in which the corresponding parts are repre 
sented by the same number followed by the let 
ter a or b, respectively. Purifier A includes a 
countercurrent heat exchanger la and a cooler 
2d. Air is admitted to the system through a pipe 
3 and delivered to one of the purifiers through 
branch pipes. 4d. and 4b, as determined by the 
operation of valves 6d. and 6b in the respective 
branch pipes. ASSume that valve 6a is open and 
that valve 6b is closed, So that the incoming air 
will flow through branch pipe 4d to purifier A. 
It is delivered by that pipe to the Warm end of 
a passage a. in exchanger d, and in passing 
therethrough is cooled as hereinafter explained, 
So that most of its contained impurities will be 
condensed and deposited on the walls of that 
passage. The air that has been initially cooled 
and purified in exchanger, d. is then conducted 
from the cold end of paSSaged by a pipe 8a to 
the warner end of a passage 9d in cooler 2a, 
where it is further cooled by liquid air as de 
scribed below. The residual impurities in the 
air entering cooler 2d. are largely removed by 
condensation and are deposited in passage 9a 
of the cooler. The air leaving the colder end of 
that passage is at Substantially its liquefaction 
temperature and is substantially free of low 
volatile impurities. This cold purified air is 
conducted by a pipe fla to the cold end of a Sec 
ond passage 2a in exchanger a, through which 
it passes in a countercurrent direction to the 
flow of incoming air in passage 7a and cools the 
incoming air. The outgoing purified air leaving 
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the warm end of exchanger d is led by pipes 
3d, and to the liquefaction portion of the SyS 
tem, represented generally by C, where the air 
is liquefied in accordance with any one of the 
known liquefaction processes. 
The liquid air obtained in the liquefaction 

portion of the plant is delivered by gravity 
through a pipe f6 to a liquid air feed tank. 7, 
which communicates with a liquid air collecting 
tank 3 through coolers 2a and 2b and also by 0. 
an overflow pipe 9. Liquid air is delivered from 
the feed tank to one of the coolers 2ct or 2b. . 
by pipes 2 a. and 2b, respectively, as determined . 
by the operation of valves 22d, and 22b in those 

When purifier A is operating to purify plpeS. 
the incoming air, valve 22b is closed and Valve 
22a is open, so that liquid air is delivered to the 
lower end of passage 23a in cooler 2d. It flows 
up through that paSSage and is partially va 
porized in absorbing heat from the incoming air 
in passage 9d, of the same cooler. The result 
ing mixture of liquid and vaporized air is then 
led from the upper end of passage 23d by a pipe 
24ct to the overflow pipe 9 and thence to the 
collecting tank. 8, from Which the liquid may be 
removed through a drain 26 and the vapor 
vented through a pipe 27. A pipe 28d joining the 
inlet of passage 23d, and the collecting tank 8 
has a valve 29a, which is closed during the oper 
ation above described. 
After the incoming air has flowed through 

purifier A for a period of time, the incoming air 
passages 7d and 9d in that purifier will become 
obstructed by impurities condensed from the air 
and deposited on the cold walls of those passages. 
When the obstruction caused by these deposited 
impurities is great enough to impair the effi 
ciency of the purifier, the incoming air stream is 
SWitched to purifier B in two Successive steps, as 
explained below. 
In the first step, the following valves are simul 

taneously opened and closed: valve 22d. in pipe 
2a, valve 29b in pipe 28b, and valve 3a in pipe 
13a are closed; and valve 22b in pipe 2b, valve 
29a in pipe 28a, valve 3b in pipe i3b, and a valve 
32 in a pipe 33 (connecting pipes if a. and 8b) are 
opened. 
As a result of the opening and closing of the 

above Walves, the incoming air continues to flow 
through passage 7 d of exchanger a and through 
paSSage 9a of cooler 2d. as above described; but, 
instead of returning through passage 2a of the 
Same exchanger, the air will be diverted through 
pipe 33 to passage 9th in cooler 2b and then led 
through paSSage 2b of exchanger b to the lique 
faction portion of the plant. At the same time, 
the flow of liquid air from the feed tank 7 to 
cooler 2a will be stopped, and any liquid air in 
that cooler will drain through pipe 28d to co 
lecting tank 8. Liquid air will now flow from 
the feed tank through passage 23b of cooler 2b 
and Will cool the air delivered by pipe 33 in pas 
Sage 9b of the same cooler. The gaseous air flow 
just described is allowed to continue for only a 
Short period, on the order of one minute, during 
Which purifier A will be warmed in the absence 
of any refrigeration being supplied to it and puri 
er B Will be cooled a corresponding amount. In 

effect, this step provides for a transfer of heat 
from one purifier to the other, preliminary to 
SWitching of the incoming air stream from the ob 
Structed to the unobstructed purifier. 
In about one minute after the first switching 

Step described above, the second switching step is 
made. In that step, the incoming air is switched 

4. 
to purifier B by closing valve 6a and opening 
Valve 6b. At the same time, Walve 32 is closed to 
prevent crossflow between the tWO purifiers 
through pipe 33. The incoming air will now make 
the same circuit through purifier B as that previ 
ously described in connection with purifier A, i. e., 
it will pass successively through passage bin ex 
change b, through passage 96 in cooler 2b, and 
through passage 2b in exchanger b, after which 
it is delivered to the liquefaction apparatus C. 
Liquid air from the feed tank Will likewise 
flow through cooler 2b in the same manner pre 
viously described in connection. With cooler 2a. 

... In order to defrost the incoming air passages 
7a and 9a in purifier A, some of the warm puri 
fied air leaving purifier B through pipe 3b is di 
verted to purifier A, preferably as part of the Sec 

4. 

5 5 

60 

75 

ond switching step above, or shortly thereafter, 
by opening valve 3a in pipe 3a and a valve 36a 
in a pipe 37a (connected to branch pipe 4d). 
With the opening of those valves, Some of the 
warm purified air leaving purifier B through pipe 
3b will flow through purifier A in a direction 
opposite to the flow of air therethrough in the 
preceding purification cycle. This Warm purified 
air will first flow through pasage 2a of exchanger 
ict, then through passage 9d, of cooler 2d., and 
finally through passage Ta of the same exchanger. 
It will then be vented to the atmosphere through 
pipe 37a and a pipe 38 connected thereto. This 
warm purified air in flowing through purifier A 
will Sublime the impurities condensed in the in 
coming air passages 9a, and Ta of that purifier and 
Will remove those impurities. 

After purifier B has been operating for a 
period of time, it will, in turn, become obstructed 
by impurities deposited in passages 7b and 9b. 
When that occurs, the liquid and gas Streams 
flowing to that purifier are again Switched in two 
stages. In the first step, the following valves are 
simultaneously opened and closed: valves 22b, 
29a, 3b, and 36a are closed; valves 22a, 29b, and 
a valve 4 in a pipe 42 (connecting pipes 8a and 

b) are opened. As a result of these Valve Op 
erations, the flow of liquid air to cooler 2b will be 
shutoff, and the liquid air remaining in paSSage 
23b of that cooler will be immediately drained 
into tank 8; and liquid air will now flow from 
the feed tank through paSSage 23d of cooler 2d. 
Concurrently therewith, the incoming air will 
continue to flow through passages 7b and 9th of 
purifier B, but instead of returning through ex 
changer passage 2b of that purifier will be di 
rected by pipe 42 through passages 9a, and 2d of 
purifier A, and thence through pipes 3d and 4 
to the liquefier C. The liquid and gas streams are 
permitted to flow in this manner only momen 
tarily, until purifier A has been cooled down by 
the desired amount. When that happens, the 
following valves are operated, preferably at the 
Same time: valves 6b and 4 are closed, and 
valves 6d, 3b, and 36b are opened. The incoming 
air will then be purified entirely in purifier A in 
the manner already described; and a portion of 
the Warm purified air resulting therefrom Will be 
directed through purifier B to remove the impuri 
ties deposited therein during the preceding puri 
fying cycle, in the same manner aS has already 
been described in connection with the removal 
of impurities from purifier A. 
It is an advantage of this invention that, dur 

iing all parts of the purifying cycle, the incoming 
air is brought into heat exchange with liquid air, 
which is the coldest fluid in the cycle. As a re 
Sult, there is no period of time in Which impuri 
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ties in the air will not be condensed and removed 
from the air stream that enters the liquefaction 
apparatus in the plant. An additional advantage 
is that only two valves 32 and 4f operate under 
low temperature conditions in the presence of 
any condensible impurities (the valves control 
ling the flow of liquid air operate at comparable 
temperatures but no impurities come in contact 
with them), and these valves are exposed to Such 
impurities for only brief and widely separated 
intervals of time, so that only a negligible amount 
of impurities could possibly be deposited in the 
Valves. 
A modification of the invention is shown in 

Fig. 2, in which portions of the apparatus identi 
cal with those in Fig. 1 are similarly numbered. 
In this modification, the ligaid air that is used as 
a refrigerant, is delivered froin the feed tank 
by pipes 5 a. and 52b to the upper ends of pas 
sages 23d, and 23t in the coolers 2d. and 2b, re 
spectively, as determined by the operation of the 
valves 52a and 52b. As a consequence, the liquid 
air will flow downward through those passages 
and drain directly into the collecting tank 6 
through a pipe 53. This arrangeinent is to be 
distinguished from that shown in Fig. 3, where 
the liquid air was delivered to the bottom of the 
liquid air passage in each cooler. While in Yost 
cases it, may be preferable to follow the arrange 
ment of Fig. 1, the countercurrent flow between 
the liquid and gas streams in the cooler's Of Fig. 2 
and the elimination of drain valves 23d, and 29b 
offer certain advantages in operation. The only 
other difference between the apparatus shown in 
Fig. 1 and that shown in Fig. 2 is the absence 
in the latter of the valved pipes 33 and A2, and 
the substitution therefor of a pipe 54, with its 
valve 55, connecting pipes d. and fb. 

Except during the brief interval between the 
first and second Switching operations, purifiers. A 
and B in Fig. 2 perform the same functions in 
the same way as previously described in connec 
tion with Fig. 1. When one of the purifiers has 
become obstructed by the deposits of impurities 
therein, the liquid and gas streams are switched 
from one purifier to the other in two steps. In 
the first step, the following valves are simultane 
ously opened and closed: valves 3b, 52b, and 55 
are opened; and valves 3d and 52a are closed. As 
a result of this initial switching operation, liquid 
air is shut off from cooler 2d. and delivered to 
cooler 2b, while the incoming air flowing through 
exchanger a continues to be further cooled in 
cooler 2d until the liquid air is entirely drained 
from passage 23d in that cooler. The outgoing 
purified air leaving cooler 2a is diverted through 
pipe 55 to the cold end of passage 2b in ex 
changer b (instead of first passing through cool 
er 2b as in Fig. 1) and flows therethrough to cool 
that exchanger before the incoming air stream is 
SWitched over directly to that exchanger. The 
conditions prevailing after this initial switching 
operation continue for about one minute, at the 
end of which time the liquid air will have been 
drained from cooler 2d. Cooler 2b will in the 
meantime have been thoroughly chilled by the 
liquid air flowing therethrough, and eXchanger 
b Will have been cooled to about the same extent 

as exchanger a has been Warned. 
The second step in switching the liquid and gas 

streams from one purifier to the other in the 
modified arrangement shown in Fig. 2 includes 
the simultaneous operation of the following 
valves: valves 6d, and 55 are closed, and valves 
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6 
will then flow directly through purifier B and will 
be purified in the same way as previously purified 
in purifier A. Some of the warn purified air 
leaving purifier B will now be diverted through 
obstructed purifier A. to reinove the impurities 
previously deposited in passages 9a, and 7a in 
the same manner as has already been described 
in connection with Fig. 1. The further switch 
ing of the liquid and gas streams after purifier 
B has become obstructed by impurities involves 
the reverse operation of the valves mentioned 
above and need not be explained. 
According to the provisions of the patent 

statutes, I have explained the principle of my 
invention and have illustrated and described what 
now consider to represent its best embodiment. 

However, I desire to have it understood that, 
within the scope of the appended claims, the in 
vention may be practiced otherwise than as spe. 
cifically illustrated and described. 

I claim: 
1. Apparatus for continuously purifying a 

gaseous mixture by heat exchange with a cold 
liquefied gas, comprising a pair of interchange 
able purifiers; each purifier including (1) a heat 
exchanger provided with a warm end and a cold 
end and having a first passage for the incom 
ing gaseous mixture that is to be purified and 
having a second passage for the countercurrent 
fiow of outgoing gaseous mixture that has previ 
ously been cooled and purified, whereby the in 
coining mixture will be initially cooled by heat 
eXchange With the outgoing mixture and most 
of the impurities contained in the incoming mix 
ture Will be condensed in the first passage of the 
exchanger, and (2) a liquid cooler having a first 
passage that connects the cold ends of the first 
and Second passages of the exchanger and hav 
ing a Second passage for the cold liquefied gas, 
whereby the initially cooled incoming mixture 
will be further cooled and will be further puri 
fied by condensation of its residual inpurities in 
the first passage of the cooler to form said cold 
purified outgoing mixture; valve means for 
Switching the incoming mixture and the cold 
liquefied gas from one purifier to the other when 
the first passages in the exchanger and cooler of 
One of the purifiers become obstructed by im 
purities deposited therein by the incoming mix 
ture; and valve means for directing a portion of 
the purified outgoing mixture withdrawn from 
the Warm end of the unobstructed purifier after 
Said Switching operation to the warm end of the 
Second exchanger passage in the obstructed puri 
fier, whereby Said portion will flow successively 
through Said second exchanger passage then 
through the first cooler and exchanger passages 
in a reverse direction to the previous flow of 
mixture therein and will remove the inpurities 
previously deposited in both said first passages 
of the obstructed purifier. 

2. Apparatus according to claim 1 that con 
tains the following additional limitations: valved 
conduits connecting the cold ends of the first 
and Second eXchanger passages in One purifier 
with the cold ends of the second and first ex 
changer passages respectively in the other puri 
fier; and valve means for stopping the flow of 
mixture through both exchanger passages in 
either purifier, whereby the outgoing mixture 
in one purifier may be momentarily conducted 
from the cooler in said purifier to the cooler 
in the other purifier and thence to the second 
paSSage in the other purifier at the same time 

6b, 3d, and 36d. are opened. The incoming air S as said Switching of liquefied gas from One puri 
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fier to the other and before said switching of the 
incoming mixture. 

3. Apparatus according to claim 1 that con 
tains the following additional limitations: a 
valved conduit connecting the cold end of the 
Second exchanger passage in one purifier with 
the cold end of the second exchanger passage in 
the other purifier; and valve means for stopping 
the flow of mixture through both exchanger pas 
Sages in either purifier, whereby the outgoing 
mixture in one purifier may be momentarily di 
rected from the cooler in said purifier to the 
cold end of the second exchanger passage in the 
Other purifier and thence through said passage 
to preCOO Said exchanger before said Switching 
of the incoming mixture is effected. 

4. A method of continuously purifying a gase 
ous mixture by heat exchange with a cold lique 
fled gas that includes the following steps: pass 
ing the mixture through a first passage in a 
first heat exchanger to cool the mixture ini 
tially and cause it to deposit impurities in said 
paSSage, passing the initially cooled mixture 
through a passage in a first cooler in indirect 
heat exchange with the cold liquefied gas to cool 
the mixture further and cause it to deposit re 
sidual impurities in Said passage of the cooler, 
passing the resulting cold purified mixture in a 
countercurrent direction through a second pas 
Sage in the first exchanger to effect said initial 
cooling of the mixture, stopping flow of cold 
liquefied gas to the first cooler and directing it 
to a second cooler, stopping flow of incoming 
mixture to the first exchanger aand directing 
it through a first passage in a second heat ex 
changer and then through a passage in a sec 
ond cooler and finally through a second passage 
in the second exchanger, directing outgoing puri 
fied gas from the Second passage in the second 
exchanger to the Warm end of the second passage 

8 
in the first exchanger and conducting it in reverse 
direction. Successively through said Second pas 
Sage, then through the passage in the first cooler 
and finally through the first paSSage in the first 

5 exchanger to remove impurities previously de 
posited in Said first cooler passage and Said first 
exchanger passage. 

5. A method according to claim 4, in which 
said cold purified mixture is momentarily di 
rected from the first cooler to the passage in the 
Second COOler and then to the Second passage 
in the Second exchanger after stopping the flow 
of liquefied gas to the first cooler but before 
stopping the flow of incoming mixture, and there 
by precool the second exchanger. 

6. A method according to claim 4, in which 
said cold purified mixture is momentarily di 
rected from the first cooler to the Cold end of the 
second passage in the second exchanger after 
stopping the flow of liquefied gas to the first 
cooler but before stopping the fioW of incoming 
mixture to the first exchanger, and thereby pre 
cool the second exchanger. 

DAVID ARONSON. 
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